The current-voltage (I-V) curves for the ON-states of 2a, 2b, 3a and 3b are shown in Fig. S1 .
Here one would expect that the shorter compounds (2b and 3b) would be better conductors compared to the longer analogues (2a and 3a) due to the shorter tunnelling distance in the junction. But as seen from the figure the opposite is true, where the longer compounds have higher conduction (larger current response at applied bias). This especially seen for the shorter alkene (3b), which is insignificantly better conductor compared to the OFF-state (ON/OFF-ratio of 8). The shorter silane/silene (2b) still acts as a switch but the zero-bias ON/OFF-ratio is about 100, i.e, a third of what is seen for the longer (2a). The structure in the electrode setup for the four ON-states are shown in Fig. S2 , where it can be seen that due to steric congestion the shorter compounds buckle in the junction. Also the carbonyl oxygen is pushed out of the plane of the molecule (partly true for the longer all-carbon compound). These two effects disturbs the pp-conjugation through the molecule lowering the transmission significantly. 
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Computational details
The first principle density functional calculations were performed using the SIESTA simulation package. The exchange-correlation energy was approximated via the general gradient approximation, and for real-space integrations a cutoff of 300 Ry was used. Core electrons are modeled using
Troullier-Martins soft norm-conserving pseudo-potentials. The valence electrons are expanded in a basis set of local orbitals using a split-valence double-zeta plus polarization orbitals (DZP) set for S, Si, O, N, C, H atoms and a single-zeta plus polarization orbitals (SZP) for Au atoms. Atomic coordinates were first relaxed for the free molecule using the Gaussian09-package before inserted S5 between the two gold electrodes. The electrode setup consisted of six layers of gold atoms with a (111)-surface orientation. Three layers were kept at bulk-positions, while the three outer layers could relax with the molecule. The electrode-molecule-electode setup was relaxed until forces were less than 0.04 eV/Å. For both geometry optimization and transmission calculations with the TranSIESTA package the Brillouin zone was sampled at the G-point. The scattering states and the local currents in the junction were calculated via the Inelastica package. 
The single level model
In the single-level model we assume that there is one single molecular orbital (MO), located at energy E 0 from the Fermi energy E F of the electrodes that carry the current. In our assumption the MO is coupled to left electrode via the coupling constant G L and to the right electrode with G R . The coupling leads to the metal induced gap states discussed in the paper, and is effectively seen as a broadening of the MO giving a Lorentzian shape of the transmission function
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Using the Landauer formalism the current is calculated by integrating the transmission function over the bias window
where e is the electron charge, h is Planck's constant and f (E) is the Fermi-Dirac distribution function. In our model the MO can move with the potential in the electrodes (Ẽ 0 = E 0 ± V e ± for ±V ), hence the transmission function is dependent on the voltage, T (E) = T (E,V ). A comparison between transmission curves obtained for different biases from TranSIESTA and our model is shown in Figure S6 . The model was fitted to the calculated ab initio I-V values using a unconstrained nonlinear optimization method. From this we could deduce the values of E 0 , e, G L and G R shown in Table 4 in the article, which best matched our ab initio results. The starting point for the optimization was E 0 = 0.5 eV (E 0 = 0.2 eV for ON-states) and G L = G R = 0.01 eV. Several starting values were tried, and converged to the same best fit as long as the values were not too far of realistic values. 
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Energies and Cartesian coordinates of relaxed compounds
All coordinates are given with cartesian coordinates in Ångstrom. All energies are given in Hartrees and obtained with B3LYP/6-31G(d 
